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ABSTRACT 
The r e s u l t s  of a  t h r e e  year ,  q u a r t e r l y  survey of t h e  
s u b t i d a l  marine environment o f f sho re  from Palos  Verdes 
Po in t ,  Los Angeles County, C a l i f o r n i a  a r e  recorded. 
Both a 100 m (328 ft) t r a n s e c t  c o n s i s t i n g  of 21 
s t a t i o n s  a t  5  m (16 f t )  i n t e r v a l s  e s t a b l i s h e d  i n  14 t o  
17 m (45 t o  55 f t )  and a  s e r i e s  of f i v e  a r c  s t a t i o n s  
loca t ed  a t  6,  12, 18, 24 and 30 m (20, 40, 60, 80 and 
100 f t )  were surveyed. S i g n i f i c a n t  r e s u l t s  included 
t h e  documentation of long term cyc le s  i n  t h e  l a r g e  
brown ke lps ,  Egregia Zaevigata and Eisenia arborea. 
A herb ivore  cyc l e  which followed t h i s  a l g a l  cyc l e  was 
a l s o  t e n t a t i v e l y  i d e n t i f i e d .  
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A SURVEY OF THE MARINE ENVIRONMENT OFFSHORE 
FROM PALOS VERDES POINT, LOS ANGELES COUNTY, CALIFORNIA 
INTRODUCTION 
The Southern Ca l i fo rn i a  Bight ,  extending from Poin t  Conception, 
Ca l i fo rn i a ,  t o  Cabo Colne t t ,  Baja C a l i f o r n i a ,  and bounded on t h e  w e s t  
by t h e  C a l i f o r n i a  Current has been t h e  sub jec t  of numerous s c i e n t i f i c  
i nves t iga t ions ,  r e l a t i n g  t o  both t h e  nearshore,  and t h e  p e l a g i c ,  o f f sho re  
b i o t a .  I n v e s t i g a t i o n s  i n t o  t h e  nearshore b i o t a  have lacked a coordinated 
approach, coordinated goa l s ,  o r  even a s tandard  methodology which would 
allow comparisons of d a t a  from d i f f e r e n t  a r e a s .  These d e f i c i e n c i e s  
become even more obvious when comparisons between t h e  "na tura l"  communi- 
t i e s ,  and communities which e x i s t  a s  a r e s u l t  of man's impact on t h e  
marine environment a r e  attempted. 
The concept of a s e r i e s  of coopera t ive  nearshore environmental sur-  
veys, t o  document condi t ions  along t h e  coas t  of southern C a l i f o r n i a ,  was 
f i r s t  formalized i n  l a t e  1966. The f i r s t  o f f i c i a l  meeting of t h e  
Cooperative Nearshore Environmental S tudies  (CONES) program was held on 
February 3,  1967. From t h i s  meeting, and l a t e r  meetings, t h e  CONES pro- 
gram was formalized.  The goa ls  of t h e  program were s t a t e d  a s :  (1) To 
e s t a b l i s h  a base l i n e  f o r  a s se s s ing  t h e  e x i s t i n g  condi t ions  i n  t h e  near- 
shore environment, aga ins t  which f u t u r e  changes and modi f ica t ions  could 
be measured; (2)  To inc rease  t h e  b a s i c  knowledge of t h e  f l o r a  and fauna 
of t h e  s u b t i d a l  reg ions ;  and (3) From t h e  above, t o  poss ib ly  ga in  a 
knowledge of how t o  manipulate and modify t h e  nearshore environment f o r  
g rea t e r  p roduc t iv i ty  and use.  
The program was t o  incorpora te  s e v e r a l  e x i s t i n g  survey l i n e s ,  and 
new survey l i n e s  t o  be es tab l l s l ied  s p e c i f i c a l l y  f o r  t h e  program. The 
e x i s t i n g  t r a n s e c t s  included one a t  Santa  Cata l ina  I s l and  (Univers i ty  of 
Southern ~ a l i f o r n i a ) ,  one a t  Anacapa I s l a n d  (U.C. Santa  Barbara) ,  one a t  
Del Mar (Westinghouse Research ) and one a t  Poin t  Loma (Ca l i fo rn i a  I n s t i -  
t u t e  of Technology). The new t r a n s e c t  l i n e s  were t o  inc lude  one a t  Goleta 
(U.C. Santa Barbara) ,  one a t  Palos  Verdes Peninsula  (Ca l i fo rn i a  Department 
of Fish and Game), one a t  Corona D e l  Mar (Ca l i fo rn i a  I n s t i t u t e  of  Techno- 
logy) ,  and one a t  Poin t  La J o l l a  (Westinghouse Research) (Figure 1). I n t e r e s t  
was a l s o  expressed,  t e n t a t i v e l y ,  f o r  t r a n s e c t s  a t  Poin t  S a i n t  George, 
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Trinidad Head, Fo r t  Bragg, Bodega Bay, Gulf of t he  Fa ra l lones ,  Pigeon Po in t ,  
Monterey Bay and Morro Bay (Figure 2 ) .  
This s e r i e s  of t r a n s e c t s ,  a l l  us ing  t h e  same methodology, was t o  
provide d a t a  which would hopefu l ly  then  be used t o  a s s e s s  t h e  impact of 
man's a c t i o n s  on t h e  nearshore  environment, and perhaps on t h e  b i o t a  of 
t he  e n t i r e  Southern C a l i f o r n i a  Bight. 
The C a l i f o r n i a  Department of F ish  and Game (Department), through 
i ts  Environmental and Behavioral S tudies  of Coas ta l  Spor t f i shes  P r o j e c t  
(DJ F-22-R) ( p r o i e c t )  began planning,  i n  1967, t o  e s t a b l i s h  a  CONES s tudy  , 
t r a n s e c t  o f f  Pa los  Verdes Po in t ,  Los Angeles County, C a l i f o r n i a .  The 
purpose of t h e  t r a n s e c t  was t o  e s t a b l i s h  a  base l i n e  i n  t ime of t h e  sub- 
t i d a l  b i o t a  i n  t h e  a r e a ,  and t o  document, i f  pos s ib l e ,  s easona l  and annual 
v a r i a t i o n s  f n  t hese  communities. This  information might then  b e  r e l a t e d  
t o  f l u c t u a t i o n s  i n  nearshore,  reef  o r i en t ed  s p o r t f i s h  popula t ions ,  and t o  
surveys of a r t i f i c i a l  r e e f s  conducted by t h e  p r o j e c t .  I n  a d d i t i o n ,  t h e  
CONES d a t a  a v a i l a b l e  from o t h e r  sou rces ,  when compared t o  our  d a t a ,  could 
then form t h e  b a s i s  f o r  s epa ra t ing  n a t u r a l  community f l u c t u a t i o n s  from 
t h e  e f f e c t s  of man-made changes, s p e c i f i c a l l y  t o  t h e  a r t i f i c i a l  reef  f l o r a  
and fauna, and genera l ly  t o  t h e  southern  C a l i f o r n i a  nearshore environment. 
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FIGURE 2 .  MAP OF CALIFORNIA SHOWING THE PROPOSED CONES STUDY S I T E S .  
The CONES s tudy undertaken by t h e  p r o j e c t  cons is ted  of two segments. 
The f i r s t ,  a 100 m (328 f t )  t r a n s e c t ,  normal t o  t h e  sho re l ine ,  was 
e s t ab l i shed  i n  14 t o  17 m (45 t o  55 f t )  of water .  The second segment 
was composed of f i v e  s t a t i o n s ,  a l s o  on a l i n e  normal t o  t h e  s h o r e l i n e ,  a t  
nominal depths of 6 ,  12, 18, 24 and 30 m (20, 40, 60, 80 and 100 f t ) .  
This  combination was chosen t o  al low a d e t a i l e d  examination of t h e  
quadrats  l oca t ed  along t h e  t r a n s e c t ,  w i th in  a r e s t r i c t e d  depth  range.  
The a r c  s t a t i o n s  were included t o  cover a broader bathymetric range,  w i th  
a few, l a r g e  s t a t i o n s .  The combination of t hese  two sampling schemes 
was intended t o  b e t t e r  desc r ibe  t h e  s tudy a rea .  
AREA DESCRIPTION 
The Pa los  Verdes Peninsula  c o n s i s t s  of s t e e p  rocky c l i f f s  capped by 
a s e r i e s  of r a i s e d  marine t e r r a c e s .  The peninsula  is  a promontory i n  a 
s e r i e s  of c o a s t a l  promontories and c re scen t  bays which make up t h e  coast-  
l i n e  of t h e  Southern C a l i f o r n i a  Bight.  I n  t h i s  i n s t ance ,  t h e  promontory 
sepa ra t e s  Santa  Monica Bay from San Pedro Bay and t h e  Orange County 
c o a s t l i n e  (F igure  3 ) .  
Palos  Verdes Poin t  (Rocky Poin t )  i s  t h e  westernmost p o i n t  of land 
on t h e  peninsula ,  and t h e  s i t e  of our s tudy a r e a .  Located 3.2 km (2 mi) 
north-northwestward of Poin t  Vicente ,  Pa los  Verdes Po in t  is  a s t e e p  
s h a l e  c l i f f  37 m (120 i t )  high,  which r i s e s  ab rup t ly  from t h e  ocean. 
Offshore, t h e  p r o f i l e  c o n s i s t s  of a wide shal low t e r r a c e ,  followed by a 
rocky s lope  which reaches from t h e  6 m (20 f t )  t e r r a c e  t o  depths  of 24 m 
(80 f t ) .  Here t h e  bottom topography becomes f l a t t e r ,  c o n s i s t i n g  of a 
f l a t  mud-sand bottom ( ~ i g u r e  4 ) .  
The shal low nearshore she l f  has  numerous rocky outcroppings,  many 
of which break t h e  s u r f a c e  near  t h e  po in t .  A small  cove ( ~ u n a d a  ~ a y )  
i s  loca ted  i n s i d e  t h e  p o i n t .  The bottom of t h e  cove i s  rock,  w i th  
rubble and pockets  of sand over ly ing  t h e  rock base.  This  i s  the genera l  
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a rea  i n  which our 6 m (20 f t )  s t a t i o n  was Located. O f  £shore  from t h i s  
i n i t i a l  t e r r a c e ,  t h e  s l o p e  c o n s i s t s  of a s e r i e s  of upturned p a r a l l e l  rock  
r idges  which run  normal t o  t h e  sho re l ine .  The r i d g e s  a r e  gene ra l ly  6 t o  
10 m (20 t o  30 f t )  a p a r t ,  and provide r e l i e f  of up t o  3 m (10 f t )  . The 
spaces between t h e  r idges  a r e  gene ra l ly  f i l l e d  wi th  sand and rubb le  de- 
p o s i t  which o v e r l i e s  t h e  rock s u b s t r a t e .  This  gene ra l  h a b i t a t  extends 
from t h e  5 t o  6 m (15 t o  20 f t )  shal low she l f  t o  a  depth  of approximately 
24 m (80 i t ) ,  where t h e  rock r i d g e s  d isappear .  Our 12 and 18 m (40 and 
60 f t )  s t a t i o n s  were loca t ed  on t h i s  s lope .  The 24 m (80 f t )  s t a t i o n  
was loca t ed  beyond t h e  rock r i d g e s ,  i n  a  boulder f i e l d  a t  t h e  base of t h e  
s lope .  The boulders  ranged from 0.5 t o  1 m (1 t o  3 f t )  i n  d iameter ,  wi th  
sand-mud i n t r u s i o n s  forming t h e  base.  Beyond t h i s  po in t  t h e  bottom 
becomes r e l a t i v e l y  f l a t t e r ,  w i th  l i t t l e  r e l i e f .  This  sand-mud bottom was 
t h e  s u b s t r a t e  f o r  our 30 m (100 f t )  s t a t i o n .  
The CONES t r a n s e c t  r a n  ac ros s  t h e  p a r a l l e l  rock r i d g e s  on t h e  s lope ,  
i n  a n  a r e a  s i m i l a r  t o  t h a t  i n  which t h e  12 and 18 m (40 and 60 f t )  
, 
s t a t i o n s  were loca t ed .  The t r a n s e c t  began on the  edge of one rock  r i d g e  
a t  a  depth of 14 m (45 f t ) ,  crossed one sand pocket,  and then crossed  a  
second rock r i d g e  a t  a  shallow angle ,  t e rmina t ing  a t  a  depth  of  17 m 
(55 f t ) .  Blocks 1, 2, 3 ,  5,  6 ,  and 8 t o  21 were loca t ed  on rock  r e e f ,  
wi th  varying amounts of sand cover ,  while  s t a t i o n s  4 and 7 were loca t ed  
i n  deep sandy pockets ,  over ly ing  a rock s u b s t r a t e .  
MATERIALS AND METHODS 
Methods f o r  t h e  a r c  s t a t i o n s  were developed d i r e c t l y  from those  
used i n  e a r l i e r  Department eco log ica l  surveys (Turner,  Ebert  and Given 
1965, 1966, 1968). The methods f o r  t h e  t r a n s e c t  s tudy were developed 
from those  proposed f o r  t h e  s tandard  CONES survey, and cons i s t ed  of a  
100 m (328 f t )  t r a n s e c t .  
The CONES 100 m (328 f t )  t r a n s e c t  was e s t ab l i shed  dur ing  1968, o f f -  
shore  from Palos  Verdes Po in t ,  The t r a n s e c t  r an  normal t o  t h e  sho re l ine ,  
approximately east-west i n  t h i s  a r e a ,  and cons i s t ed  of 21 s t a t i o n s  loca ted  
a t  5 m (16.4 f t )  i n t e r v a l s .  Permanently marked w i t h  weighted, numbered 
concre te  blocks,  t h e  s tudy a r e a  a t  each s t a t i o n  cons is ted  of a quadrat  
2 2 0.5 m (1.6 f t )  on a s i d e  (0.25 m , 2.6 f t  ) ,  pos i t ioned  on t h e  no r th  and 
south s i d e s  of t h e  s t a t i o n  markers. We i d e n t i f i e d  and enumerated t h e  
macroscopic p l a n t s  and animals i n  each quadrat  on a q u a r t e r l y  b a s i s  from 
August 1970 t o  May 1972, and once aga in  i n  A p r i l  1973. On occasion we 
noted t h a t  some of t h e  s t a t i o n  markers had moved s l i g h t l y  dur ing  periods 
of s t rong  swe l l s  and surge.  Since we could not  r e l o c a t e  t h e s e  p o s i t i v e l y ,  
we used t h e i r  new l o c a t i o n  f o r  t h e  remainder of t h e  survey. 
The second segment of t h e  survey, c o n s i s t i n g  of f i v e  s t a t i o n s  
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l oca t ed  i n  nominal 6 m (20 f t )  depth increments,  was e s t a b l i s h e d  i n  
January, 1969, on a l i n e  between Pa los  Verdes Poin t  and t h e  Pa los  Verdes 
Point  Lighted Whistle Buoy No. 10 (U.S. Coast Guard Light  L i s t  No. 16.55),  
loca ted  1.45 km (0.9 mi) of fshore .  The s t a t i o n s  were s e l e c t e d  by running 
on a s t r a i g h t  l i n e  btween t h e s e  two p o i n t s  and dropping a weighted marker 
buoy when our  fathometer f i r s t  i nd i ca t ed  depths  of 6 ,  12,  18,  24 and 30 m 
(20, 40, 60, 80 and 100 f t ) .  Where t h e  weighted marker f i r s t  h i t  t h e  
bottom we e s t ab l i shed  our permanent s t a t i o n  markers,  cons i s t i ng  of weighted 
concre te  blocks.  Due t o  t h e  i r r e g u l a r  bottom topography, no t  a l l  s t a t i o n s  
were loca t ed  a t  t h e i r  nominal depths;  thus  t h e  12 m (40 f t )  s t a t i o n  was 
loca ted  i n  16 m (55 f t )  of water ,  and t h e  30 m (100 f t )  s t a t i o n  i n  33.5 m 
(110 f t ) .  Shoreside bear ings  were e s t ab l i shed  f o r  each of t h e  s t a t i o n s ,  
and f o r  t h e  t r a n s e c t ,  a f t e r  which t h e  su r f ace  buoys were removed t o  pre- 
vent  damage o r  l o s s  of t h e  s t a t i o n  markers. The a c t u a l  s tudy a r e a  a t  
each s t a t i o n  cons is ted  of a c i r c l e ,  generated wi th  a r a d i u s  l i n e .  On 
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mud-sand s u b s t r a t e  (30 m (100 f t )  s t a t i o n )  we used a 3.1 rn (10.2 i t )  l i n e  
2 
t o  i n s c r i b e  a c i r c l e  w i t h  an  a r e a  of 30 m2 (322.8 f t  ) .  A t  t h e  other  
I s t a t i o n s  ( rock  s u b s t r a t e ) ,  w e  used a 2.2 m (-7.22 f t )  l i n e  t o  i n s c r i b e  a I 2 
c i r c l e  w i th  an  a r e a  of 1 5  m2 (161.4 f t  ) . Using compass bear ings  w e  noted 
t h e  r e l a t i v e  p o s i t i o n s  o f ,  and i d e n t i f i e d  and enumerated t h e  macroscopic 
fauna and f l o r a  on t h e  same q u a r t e r l y  b a s i s  a s  a t  t h e  t r a n s e c t .  
I n c i d e n t a l  c o l l e c t i o n s  f o r  i n fauna l  components were occas iona l ly  
I made a t  t h e s e  s t a t i o n s ,  however t h e  c o l l e c t i o n s  were taken from t h e  a r e a  
immediately surrounding t h e  a r c  so a s  not  t o  d i s t u r b  t h e  a r c  o r  quadrat  
a r e a .  
Phys ica l  observa t ions  taken a t  each s t a t i o n  included water tempera- 
t u r e s  and e s t ima te s  of water c l a r i t y .  Water temperatures  were taken 
I e i t h e r  by t h e  d i v e r ,  wi th  a mercury thermometer graduated i n  increments I of 1 F, o r  l a t e r ,  from t h e  su r f ace ,  wi th  a Yellow Springs Telethermometer 
graduated i n  increments of 1 C .  Several  long term thennograph records  
were a l s o  made, u t i l i z i n g  Ryan thermographs. Est imates  of water q u a l i t y  
I were made by d i v e r s  fol lowing t h e  methods ou t l i ned  i n  previous Department 
pub l i ca t ions  (Turner, Ebert  and Given 1964, 1965). 
RESULTS 
Phys ica l  
Phys ica l  observa t ions  taken i n  t h e  course of t h i s  s tudy a r e  summarized 
i n  Tables 1 and 2. The temperature regime i n  t h e  s tudy a r e a  conformed t o  
t he  genera l  p a t t e r n s  found i n  nearby Santa Monica Bay, and most of t h e  
r e s t  of c o a s t a l  southern  C a l i f o r n i a  (Turner, Ebert and Given 1969). I n  
August 1970, a w e l l  def ined  thermocline was p re sen t ,  followed by a break- 
down of t h e  thermocline,  and homogenous condi t ions  i n  November 1970. 
By March 1971, v e r t i c a l  thermal g rad ien t s  had begun t o  form, and they con- 
t inued developing through t h e  sp r ing .  A s t rong  thermocline w a s  aga in  
present  i n  August 197 1 (Figure 5) . 
TABLE 1. Water Temperature and Visibility For Stations Along Cones Transect, January 1968 to May 1972. 
Depth Temp Vis 
(meters) 
Air 21.5 
S S 1 4 . 1  20' 19.4 10 '  20.6 30' 20.8 19.0 15 '  14.3 20' 13.9 15'  35' 14.6 45' 8 ' 
3 1 4 . 1  20' 20.6 30'  20.5 15.8 15 '  20' 15 ' 35' 14.6 45' 8 ' 
6 14.2 20' 20.6 30' 20.4 14.8 1 5 '  20 ' 15 '  35' 14.6 45' 8 ' 
9 14.2 20' 20.6 30' 20.2 14.6 15 '  20' 15'  35' 14.6 45' 15 ' 
12 14.3 20' 20.3 30' 19.4 14.4 1 5 '  20 ' 15 '  35' 14.6 45' 15 ' 















8-23-71 11-17-71 11-18-71 2-3-72 2-22-72 2-23-72 3-2-72 5-12-72 5-16-72 
Air 
SS 10 '  13.6 10 '  13.9 5 '  
3 13.6 10 '  13.9 5 ' 
6 13.3 10'  13.9 5' 
9 13.3 10 '  13.6 5 ' 
12 13.0 10 '  13.6 5 '  
15 16 .1  15 '  13.0 25' 13.3 25' 11.1 20' 
TABLE 2. Temperature and Visibility in Water Column at Cones Stations, September 1968 to May 1972 
Station Depth Temp Vis 
6 (meters) 9-24-68 11-20-69 5-1-70 8-4-70 11-4-70 4-7-71 5-24-71 9-1-71 12-10-71 5-5-72 
Air 21 .1  13.3 22.2 
SS 20' 25' 20 '  17.2 15 '  16 .1  1 0 '  13.3 8' 25' 13 .7  20' 19.4 
3 20' 25' 20' 16 .1  10 '  13.3 10 '  11.7 20'  19.4 


























T B L E  2 - contd. 
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Stat ion Depth Temp V i s  


































TABLE 2 - contd .  
- 
S t a t i o n  Depth Temp Vi s  
30 (meters )  4-2-71 5-24-71 6-17-71 6-18-71 8-16-il  8-17-73 12-2-71 2-4-72 2-29-72 5-5-72 5-10-72 
contd .  -- 
A i r  18 .3  23.9 23.9 18 .3  
S S 11.1 16 .1  16.7 16 .7  1 5 '  22.0 10 '  18 .3  10 '  12 .8  20' 14.2 16.4 16 .4  
3 11.1 14.7  16 .1  1 5 '  17 .2  17 .5  13 .9  1 2 . 8  20' 14 .2  15.6 15.6 
6 11.1 13.0  15 .0  1 5 '  1 6 . 1  16 .1  13 .9  12 .8  20' 1 3 . 9  13 .9  13 .9  
9 11.1 12 .5  14 .4  1 0 '  15 .8  15 .6  13 .9  12.8 20'  13 .9  13 .3  1 3 . 3  
12 11.1 12.0 13.9 LO' 15 .3  15 .6  13.9 12 .8  20' 13 .6  12 .2  12 .2  
15  11.1 10.8  12.2 10 '  1 4 . 4  15.6 13 .9  12 .8  20' 13 .6  12.2 12.2 
1 8  11.1 10.3  11.1 10 '  14 .4  14 .7  12 .8  12 .8  20' 13.6 11 .7  11.7 
21 11.1 10.0 10 .6  14.2 14 .7  12.8 12 .8  20' 13 .6  11 .4  11 .4  
2 4 11.1 9.4 10 .3  15 '  14 .2  14.7 12.5 12 .8  20' 13 .0  11.1 11.1 
2 7 11.1 9.2 10 .0  15 '  13 .3  14 .7  12 .2  12 .8  20' 12 .8  11.1 11.1 
30 11.1 9.2 15 '  10.0 10 .0  1 5 '  12 .8  14.4 12 .2  12 .8  15 '  12 .8  11.1 11.1 1 
3 3 10 .0  9.2 15 '  10.0 12 .5  25' 14.2 25' 12.2 15 '  10 .8  10 .8  g 
I 
1 
a, r o w  
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FIGURE 5.  TEMPERATURE P R O F I L E S  A T  T H E  CONES 3 0 M  ( 1 0 0  F T )  S T A T I O N .  
We d id  no te  s e v e r a l  unusual temperature f l u c t u a t i o n s  dur ing  the  
course of t h i s  s tudy.  One, almost a s  l a r g e  as t h e  annual range,  occurred 
a t  t h e  6 m (20 f t )  s t a t i o n  i n  September 1971, when t h e  bottom temperature 
was 16.3 C on t h e  seventh,  and r o s e  t o  22.8 C on t h e  fou r t een th .  Other 
i n t e r e s t i n g  temperature f l u c t u a t i o n s  included su r f ace  temperatures  of 
15.0 C and 13.9 C ,  recorded f i f t e e n  minutes a p a r t  a t  t h e  12  m (40 f t )  
s t a t i o n  on November 12,  1970. A p r i l  3, 1971 we observed a change i n  t h e  
bottom temperature a t  t h e  18 m (60 f t )  s t a t i o n  of 9.7 t o  11.7 C dur ing  
one hour ' s  t ime. A t  t h e  CONES t r a n s e c t ,  one s i m i l a r  obse rva t ion  y ie lded  
a change from 17.5 t o  13.9 C a t  a depth  of 15  m (50 f t )  over a t h r e e  hour 
per iod . 
V i s i b i l i t y  e s t ima te s  dur ing  our surveys va r i ed  from 3 t o  12 m 
(10 t o  20 f t ) .  On s e v e r a l  occasions,  v i s i b i l i t i e s  of less than  1 . 5  m 
(5 f t )  were noted,  bu t  we d i d  not  a t tempt  t o  work a t  t h e s e  times. During 
the  summer of 1971 survey we experienced a v i s i b i l i t y  i nve r s ion  which w a s  
assoc ia ted  wi th  a r ed  t i d e  bloom i n  t h e  warm upper waters .  We recorded 
,, 
a v i s i b i l i t y  of 1.25 m ( 4  f t )  from t h e  s u r f a c e  t o  a depth  of 6 m (20 f t )  . 
A s  we crossed t h e  termolcine,  t h e  water c l a r i t y  improved t o  about  7.6 m 
(25 f t ) ,  though t h e  l i g h t  l e v e l  was g r e a t l y  reduced. 
B io log ica l  
The d a t a  from t h e  b i o l o g i c a l  s e c t i o n  of t h e  s tudy i s  presented i n  
i t s  e n t i r e t y  i n  t h e  Appendix, due t o  t h e  bulk of t h e  s p e c i e s  l is ts .  
Se lec ted  d a t a  have been summarized, and a r e  presented wi th  t h e  t e x t .  
Algal  spec i e s  l i s t e d  i n  t h e  t a b l e s  a r e  those  observed i n  t h e  quadra ts  
and a r c  s t a t i o n s .  An expanded a l g a l  spec i e s  l i s t  r e s u l t e d  from i n t e n s i v e  
c o l l e c t i o n s  made i n  l a t e  1972 (Moe, unpublished, pe r s .  cormnun.). These 
col l .ect ions were made a t  6,  12,  18 and 24 m (20, 40,  60 and 80 f t )  
s t a t i o n s  i n  an  at tempt  t o  d u p l i c a t e  t h e  s t a t i o n s  used by St rachan  and 
Koski (1969). The 18 m (60 ft) s t a t i o n  corresponds t o  s t a t i o n  V used by 
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Grigg and Kiwala (1970). Our c o l l e c t i o n s  were not  l i m i t e d  t o  the  arc 
s t a t i o n  proper ,  thus  i f  s u i t a b l e  h a b i t a t  f o r  a l g a e  was not  p re sen t  i n  t h e  
a r c  s t a t i o n ,  c o l l e c t i o n s  were made a t  t h a t  depth  nearby, t o  a s s u r e  a 
r e p r e s e n t a t i v e  c o l l e c t i o n  f o r  t h a t  depth. Our c o l l e c t i o n s  r e s u l t e d  i n  
t h e  i d e n t i f i c a t i o n  of 78 spec i e s  of a lgae ,  many of them epiphytes  on 
l a r g e r  a lgae .  These numbers exceeded those  l i s t e d  by both Strachan and 
Koski and Grigg and Kiwala i n  every ca tegory  (Table 3) . These d i f f e r e n c e s  
may be a t t r i b u t a b l e  t o  t h e  d i f f e r e n c e  i n  season during which t h e  co l l ec -  
t i o n s  were made, t o  t h e  methods used i n  t h e  c o l l e c t i o n  of t h e  a l g a e ,  o r  
t o  improved water q u a l i t y .  
CONES Transect  
Our d a t a  from t h e  CONES t r a n s e c t  f a i l e d  t o  r e v e a l  any s i g n i f i c a n t  
v a r i a t i o n s  o r  cyc l e s ,  which might be  a t t r i b u t a b l e  e i t h e r  t o  s e a s o n a l i t y ,  
o r  t o  t h e  a c t i v i t i e s  of man. E x t r a l i m i t a l  observa t ions  of t h e  l a r g e r  
brown a lgae  such as Eisenia arborea and Egregia Zaevigata coincided wi th  
observa t ions  made a t  t h e  6 m (20 f t )  s t a t i o n .  The enc rus t ing  c o r a l l i n e  
a lgae  (LithophyZZwn s p . ,  Lithothamion sp .  and PeysoneZZia sp.)  w e r e  
p resent  wherever rock a s  a v a i l a b l e ,  and covered a t  l e a s t  80% of t h e  rock 
sur face .  A t o t a l  of 84 d i f f e r e n t  t axa ,  f i f t e e n  a l g a e  among them, were 
i d e n t i f i e d  from t h e  t r a n s e c t .  Counts of i nd iv idua l  organisms which a r e  
capable of camouflaging t h e i r  presence showed v a r i a t i o n ,  bu t  t h e  v a r i a -  
t i o n  is without  ques t ion  a t t r i b u t a b l e  t o  t h e  a c t i o n s  of t h e  b i o l o g i s t ,  
d i s tu rb ing  t h e  organisms p r i o r  t o  t h e  counts .  For t h i s  reason,  counts  of 
Podoesmus cepio, c e r i a n t h i d  anemones and boring b iva lves  should be i n t e r -  
p re ted  wi th  caut ion .  The t r a n s e c t  appears t o  be a r e l a t i v e l y  s t a b l e  
a r e a ,  wi th  a we l l  def ined f l o r a  and fauna. Sand t r a n s p o r t  i n  t h e  a r e a  
was n e g l i g i b l e  during t h e  period of t h e  survey. P ins  i n s e r t e d  a t  t h e  
beginning of t h e  survey were r e loca t ed  a t  t h e  end of t h e  survey,  and 
showed no n e t  movement of sand a t  t h a t  l o c a t i o n ,  a l though seasonal  changes 
TABLE 3. COMPARISON OF ALGAL SPECIES NUMBERS FOUND DURING THREE 
SURVEYS CONDUCTED OFF PALOS VERDES POINT. 
DEPTH CLASS OF ALGAE STRACHAN AND KOSKI GRIGG AND KIWALA MOE 
( 1969) ( 1970 ( 1972 1 
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were noted by t h e  d ive r s .  One no te  of i n t e r e s t  r e s u l t e d  from the use  of 
z inc  p l a t e d  eyebol t s  t o  l o c a t e  t h e  s t a t i o n s  along t h e  t r a n s e c t .  Within 
30 minutes of t h e  i n s t a l l a t i o n  of t h e  eyebol t s ,  Pisaster giganteus w e r e  
observed c l u s t e r i n g  on t h e  new eyebol t s .  This  same behavior was noted 
when t h e  weighted blocks,  equipped wi th  s i m i l a r  eyebo l t s ,  were f i r s t  in-  
s t a l l e d ,  a t  both t h e  t r a n s e c t  and t h e  a r c  s t a t i o n s .  
CONES Arc S t a t i o n s  
The CONES a r c  s t a t i o n s ,  covering a g r e a t e r  bathymetr ic  range,  showed 
s e v e r a l  t r ends ,  and y ie lded  information on ind iv idua l  spec i e s .  This  d a t a  
w i l l  be  summarized by s t a t i o n s ,  s i n c e  some of t h e  p a t t e r n s  show i n t e r -  
r e l a t i o n s h i p s .  
The 6 m (20 f t )  s t a t i o n  showed some of t h e  most obvious changes, 
a s  one would expect i n  t h i s  shallow, r e l a t i v e l y  exposed a rea .  The a r e a  
o f f sho re  from Palos Verdes Poin t  once supported l u s h  beds of t h e  g i a n t  
ke lp ,  Macrocystis pyrifera, (Ca l i fo rn i a  Water Qual i ty  Control  Board 1964). 
When t h e  s t a t i o n  markers f o r  t h i s  s t a t i o n  were i n s t a l l e d  i n  January 1969, 
none of t h e  l a r g e  brown ke lps  were present  i n  t h e  a r e a ,  and i t  might have 
been termed "barren." This  condi t ion  had not  changed by November, 1969; 
however by May 1970, Eisenia axborea and Egregia Zaevigata were so 
numerous a s  t o  completely obscure t h e  s t a t i o n  markers (Table 4 ) .  We made 
f i v e  searches  f o r  t h e  s t a t i o n  i n  June and J u l y  of 1970, bu t  were unable 
t o  l o c a t e  t h e  s t a t i o n .  We f i n a l l y  l oca t ed  t h e  s t a t i o n  i n  August 1970, 
exac t ly  where our  shore  marks ind ica t ed  t h e  s t a t i o n  should be. There 
were 118 Egregia Zaevigata and 9 Eisenia axborea p l a n t s  w i th in  t h e  15  m 2 
2 (161.4 f t  ) study s i t e .  By A p r i l  1971 t h e  Egregia Zaevigata had been 
reduced t o  35 p l a n t s ,  almost a l l  support ing l a r g e  numbers of t h e  l impet 
Notoacmaea insessa. The r educ t ion  i n  numbers continued, u n t i l  on ly  two 
p l a n t s  remained i n  May 1972, and none were present  i n  A p r i l  1973 
(Figure 6 ) .  The reduct ion  i n  numbers of p l a n t s  i n  t h i s  i n s t ance  appears  
6 M CYSTOSEIRA OSMUNDACEA 
EISENIA ARBOREA 
EGREGIA L A E V I G A T A  
D Y C T I O P T E R I S  Z O N A R I O I D E S  
GELIDIUM SP. 
HALIOTIS C R A C H E R O D I I  
STRONGYLOCENTROTUS 
F R A N C I S C A N U S  
KELLETIA K E L L E T I  
RICTAXIS PUNCTOCAELATUS 
PYROMAIA T U B E R C U L A T A  
---EISENIA ARBOREA 
-EGREGIA LAEVIGATA 
T I M E  
- 26 - 
t o  be  a t t r i b u t a b l e ,  a t  l e a s t  i n  p a r t ,  t o  a weakening of t h e  s t i p e s  by 
Notoacmaea insessa, combined wi th  s t r o n g  winter  su r f  and surge  (McLean 
1969). I n  c o n t r a s t ,  t h e  Eisenia mborea numbers f l u c t u a t e d ,  bu t  p l a n t s  
remained present  throughout t h e  s tudy ,  ranging from a low of n i n e  i n  
August 1970, t o  a h igh  of 22 p l a n t s  i n  September 1971. A t  t h e  completion 
of t h e  s tudy,  i n  A p r i l ,  1973, only f o u r  Eisenia arborea remained i n  t h e  
s tudy a rea ,  a r e t u r n  t o  condi t ions  present  when t h e  f i r s t  s t a t i o n  markers 
were e s t ab l i shed .  
These f l u c t u a t i o n s  i n  t h e  abundance of brown a lgae  a r e  of s i g n i f i -  
cance when t h e  f l u c t u a t i o n s  i n  t h e  popula t ions  of known ke lp  g r a z e r s  a r e  
analyzed. Leighton and Boolot i a n  (1963) have shown t h a t  Egregia Zaevigata 
is t h e  p re fe r r ed  food of t h e  b lack  abalone, HaZiotis cracherodii. It is  
not  s u r p r i s i n g  then ,  t h a t  t h e  popula t ion  of t h i s  g raze r  increased  from a 
low of t h r e e  animals a t  t h i s  s t a t i o n  i n  August 1970, t o  a h igh  of 27 
animals i n  February 1972 (Table 4 ) .  A s i m i l a r  p a t t e r n  i s  p re sen t  f o r  
another  g r a z e r ,  t h e  red  s e a  u rch in ,  StrongyZocentrotus franciscanus, 
which increased  from 39 animals i n  August 1970, t o  a h igh  of 50 animals 
i n  May 1972. F igure  7 shows t h a t  t h e  inc rease  i n  brown ke lps  and ke lp  
g raze r s  fo l low one another  temporari ly .  Ear ly  i n  our  s tudy,  when a l g a l  
cover was abundant, t h e  herb ivore  HaZiotis cracherodii began t o  show 
an inc rease  i n  numbers. This  i nc rease  reached a r e l a t i v e l y  s t a b l e  high 
during 1971 and e a r l y  1972. A s  one would expect  i n  t h i s  s i t u a t i o n ,  t h e  
inc rease  i n  herb ivores  lagged t h e  i n c r e a s e  i n  a lgae  by a per iod  of t ime, 
and a f t e r  t h e  a l g a l  numbers decrease ,  t h e  herb ivore  remained i n  l a r g e  
numbers. It is  unfo-tunate t h a t  our s tudy was terminated a t  t h i s  po in t  
i n  time, because t o  complete a c l a s s i c a l  "predator-prey" popula t ion  
cyc le ,  w e  would have t o  fo l low a decrease  i n  herb ivore  numbers, a decrease  
which should have lagged t h e  decrease  i n  t h e  numbers of brown ke lps .  
G E L I D I U M  SP. 
-- CYSTOSEIRA OSMUNDACEA 
--"DICTYOPTERIS Z O N A R I O I D E S  
T I M E  
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The o the r  k e l p  g raze r  which showed a cyc l e ,  t h e  red  u rch in ,  never reached 
t h e  low numbers recorded f o r  b lack  abalone. This  animal has  been shown 
t o  posess  t h e  a b i l i t y  t o  s u b s i s t  on d isso lved  n u t r i e n t s  i n  t h e  water  
(Clark 1969).  
The abundances of t h r e e  o the r  a lgae  showed some annual p e r i o d i c i t y .  
Cystoseira osmndacea and ~ y c t i o p t e r i s  zonariodes, both phaeophytes, and 
t h e  red a lgae  GeZidium sp.  showed annual  v a r i a t i o n s ,  wi th  s p r i n g  and 
summer high counts ,  and subsequent r educ t ion  i n  numbers during t h e  f a l l  
and win ter  months (Table 4 ,  Figure 7 ) .  The encrus t ing  c o r a l l i n e  a l g a e  
aga in  covered i n  excess  of 80% of t h e  a v a i l a b l e  rock h a b i t a t  a t  t h i s  and 
a l l  a r c  s t a t i o n s .  
The 12 m (40 f t )  s t a t i o n  showed only  one c y c l e  of no te .  I n  gene ra l ,  
water  c l a r i t y  a t  t h i s  depth precluded t h e  presence of t h e  brown a lgae ,  
thus  t h e  l a c k  of t h e s e  cyc l e s  a t  t h i s  s t a t i o n .  A p o s s i b l e  annual  
p e r i o d i c i t y  t o  t h e  numbers of t h e  s n a i l  KeZZetia keZZeti was noted 
(Table 4 ) .  This  s t a t i o n ,  as t h e  t r a n s e c t ,  appeared t o  be a r e l a t i v e l y  
s t a b l e  community, i n  equi l ibr ium wi th  condi t ions  i n  t h e  a r ea .  
The 18 m (60 f t )  s t a t i o n  aga in  appeared t o  be a r e l a t i v e l y  s t a b l e  
h a b i t a t ,  and only one new cyc le ,  t h a t  of t h e  l impet  Acmaea mitra was 
d i s c e r n i b l e .  Again p e r i o d i c i t y  appears  t o  be annual ,  but  t h e  d a t a  is  
not  s u f f i c i e n t  f o r  a  p o s i t i v e  conclusion (Table 4 ) .  
S imi la r  p a t t e r n s  were p re sen t  a t  t h e  24 m (80 f t )  s t a t i o n ,  w i th  
t h e  genera l  h a b i t a t ,  f l o r a  and fauna f o r  t hese  t h r e e  s t a t i o n s  being 
q u i t e  s i m i l a r .  
The 30 m (100 f t )  s t a t i o n  was a  completely d i f f e r e n t  h a b i t a t ,  
and t h e  b i o t a  was q u i t e  d i f f e r e n t  from t h e  o the r  s t a t i o n s .  W e  documented 
another  example of annual p e r i o d i c i t y  a t  t h i s  s t a t i o n .  No specimens of 
t h e  b a r r e l  s n a i l ,  Rictaxis (Acteon) punctocaeZatus, were recorded dur ing  
t h e  August 1970 survey, bu t  by November 1970 t h e r e  were 300 p re sen t  i n  
2 2 t h e  30 m (322.8 f t  s t a t i o n .  Thei r  numbers dec l ined  t o  100 i n  A p r i l  
t 1971, t h r e e  i n  June 1971, t hen  r o s e  t o  12 i n  August 1971. By December 
1971 t h e r e  were 360 p re sen t ,  240 i n  February and May 1972. McLean (1969) 
s t a t e s  t h a t  Rictaxis punctocaeZatus is common a t  t imes on sandy bottoms 
i n  bays, and a t  low t i d e  i n  shallow s u b l i t t o r a l  a r e a s .  Most of t h e  
shal lower s u b s t r a t e  o f f  Pa los  Verdes Poin t  i s  rock,  perhaps accounting 
f o r  t h e  absence of t h i s  s n a i l  elsewhere. Our only o the r  record  f o r  t h i s  
animal was a t  t h e  24 m (80 f t )  s t a t i o n ,  where t h r e e  w e r e  observed i n  
2 2 August 1971. We recorded l a r g e  numbers, 1080 per  30 m (322.8 f t  ) of 
t h e  crab,  Pyromaia tubercuzata, i n  August 1970, bu t  d id  no t  s e e  them i n  
l a r g e  numbers a g a i n  (Table 4 ) .  
Polychaete  Samples 
I n c i d e n t a l  c o l l e c t i o n s  were taken f o r  i n fauna l  a n a l y s i s  o u t s i d e  
t h e  30 m (100 f t )  s t a t i o n .  These occas iona l  samples were taken beyond 
t h e  l i m i t s  of t h e  a r c  s t a t i o n ,  t o  avoid d i s t u r b i n g  t h e  s t a t i o n .  The 
polychaetes  c o l l e c t e d  i n  t h i s  f a sh ion  a r e  recorded here  without  f u r t h e r  
a n a l y s i s  (Table 5) .  
F i sh  Observations 
This  s tudy had among i t s  o b j e c t i v e s  t h e  comparison of reef -or ien ted  
s p o r t f i s h  popula t ion  f l u c t u a t i o n s  t o  v a r i a t i o n s  i n  t h e  ben th i c  communities. 
The f i s h  observed w i t h i n  t h e  a r c  proper during t h i s  s tudy  a r e  recorded 
i n  Appendix 3. No apparent  t r ends  were d i s c e r n i b l e ,  when t h e  observa- 
t i o n s  were compared wi th  t h e  Department's s p o r t f i s h  c a t c h  f i g u r e s  f o r  
t h e  immediate a r e a ,  i n  s p i t e  of t h e  l a r g e  f l u c t u a t i o n s  i n  t h e  a l g a l  
communities a t  t h e  6 m (20 f t )  s t a t i o n .  The absence of any t r e n d s  may 
- 
be t h e  r e s u l t  of i n t e g r a t i n g  cond i t i ons  over  a s i z e a b l e  a r e a  i n t o  t h e  
- ca t ch  f i g u r e s  f o r  one s t a t i s t i c a l  block.  Since t h e  observa t ions  showed 
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TABLE 5. Polychaete Samples from the Cones 30 m (100 ft) Station 
August November August February 
1970 1970 1971 1972 
Amphurete Zabrops P(2) 
Armandia biocuZata 
Chone moZZis 







Lumbrineris ZatreiZ ti 
Lyseippe annectens P(1) 
MeZinna ocuZata 
Nephtys cornuta franciscana 
Nephtys sp. 
NEREIDAE 
Hothria conchy Zega 
Nothria iridescens 
Nothria stigrnatis paradiopatra 
Ophiodromus pugettensis 
Pectinaria caZiforniensis 
Pherusa neopapi ZZata 
PhoZoe g Zabra 
PHYLLODOCIDAE 
PoZydora sp. 
Prionospio maZmgreni P (6) 
Prionospio pinnata 
ScaZibregma i n f Z a t m  




Tharyx muZtifi ZZis 
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areas where t h e  water c l a r i t y  is b e t t e r .  The abundance of n u t r i e n t s ,  I 
whether from upwelling o r  from man-made sources must a l s o  have an  impact 
on t h i s  a r ea .  The l a c k  of c o n t r o l  s tudy  a r e a s  makes it impossible t o  I 
compare t h e  r e s u l t s  of t h i s  s tudy wi th  an  a r e a  which is  not  s u b j e c t  t o  i I 
t h e  i n f luence  of l a r g e  municipal  o u t f a l l s .  I 
B io log ica l  
The Pa los  Verdes Peninsula ,  and t h e  CONES study a rea ,  have without: 
ques t ion  been heav i ly  impacted by man's a c t i o n s  (Grigg and K i w a l a ,  1970). 
Young (1964) r an  a  s e r i e s  of experiments i n  1956, which demonstrated t h e  
d e l e t e r i o u s  e f f e c t s  of d i r e c t  exposure t o  t h e  sewer e f f l u e n t  on t h e  b lack  
abalone,  HaZiotis cracherodii. Our s t u d i e s  on t h e  o t h e r  hand showed t h e  
presence of t h i s  animal i n  l a r g e  numbers, and i n  f a c t ,  c y c l e s  i n  t h e  popu- 
l a t i o n  of t h i s  animal appear t o  be c o r r e l a t e d  t o  t h e  c y c l e s  i n  t h e  l a r g e r  
brown ke lps  of t h e  s tudy a r e a .  Other Department surveys have shown l a r g e  
popula t ions  of b lack  abalone along t h e  Pa los  Verdes Peninsula ,  extending 
t o  e i t h e r  s i d e  of t h e  White's Po in t  d i scharge .  This  would i n d i c a t e  t h a t  
t h e  cond i t i ons  along t h e  peninsula  have improved s i n c e  t h e  e a r l i e r  work 
was done. 
Other e a r l y  s t u d i e s  (Ca l i fo rn i a  Water Qual i ty  Cont ro l  Board 1964) 
demonstrated t h e  d e l e t e r i o u s  e f f e c t a  of t h e  sewer e f f l u e n t s  on t h e  a l g a l  
populat ions o f f  t h e  Pa los  Verdes Peninsula .  The once l u s h  beds of g i a n t  
ke lp  no longer  ex i s t ed  when t h i s  s tudy began. Our s tudy  documented cyc le s  
i n  t h e  popula t ions  of some ke lps ,  bu t  we found no g i a n t  ke lp ,  Macrocystis 
pyrifera, i n  our  s tudy  a r e a s .  Recently however, due t o  t h e  e f f o r t s  of 
D r .  Wheeler North, and of t h e  Department's Sportfish-Kelp Hab i t a t  Study 
(Dingell-Johnson Study C a l i f o r n i a  F-27-D), l a r g e ,  spreading beds of g i a n t  
ke lp  have been e s t ab l i shed  along Abalone Cove, and a t  Po in t  Vicente  on 
t h e  Palos Verdes Peninsula .  Th i s  information would tend t o  support  t h e  
conclusion t h a t  condi t ions  along t h e  peninsula  a r e  improving, bu t  they 
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have not y e t  reached t h e  level present  during the e a r l y  1950's .  
CONCLUSIONS 
The absence of d a t a  from c o n t r o l  s i t e s  i n i t i a l l y  proposed a s  a n  
i n t e g r a l  p a r t  of t h e  CONES program makes a n a l y s i s  of our  r e s u l t s  d i f f i -  
c u l t .  We have a t h r e e  year ,  q u a r t e r l y  view of one po in t  i n  space,  with- 
out  r e f e rence  t o  o the r  po in t s .  Since our  s tudy a r e a s  was centered  
between t h e  two l a r g e s t  municipal waste  d ischarges  i n  t h e  state, t h e  
l a c k  of c o n t r o l  s t a t i o n s  makes i n t e r p r e t a t i o n s  of t h e  d a t a  d i f f i c u l t .  
It is  s i g n i f i c a n t  however, t h a t  i n  s p i t e  of t h e s e  shortcomings, we were 
a b l e  t o  i d e n t i f y  t r e n d s  i n  t h e  a r ea .  One can only specu la t e  on  the 
wealth of information we might have der ived  from a f u l l  implementation 
of t h e  CONES program, had i t  been d i l i g e n t l y  pursued. The need f o r  such 
a base l i n e  s tudy program i s  s t i l l  p re sen t ,  and t h e  need w i l l  cont inue  
as long a s  man cont inues  t o  u s e  t h e  marine environment a s  a r e c e p t a c l e  
f o r  t h e  byproducts of h i s  a c t i v i t i e s .  
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APPENDIX 1 
CONES T r a n s e c t  S p e c i e s  L i s t  BLOCK 1 7  
AL GAE 
Chlorophyta  u n i d e n t .  P P  P P  
Ph ae  ophy t a 
Co Zpomenia sinuos a P P 1 1 
Dictyop t e r i s  zonarioides C C 
Rhodophy t a 
Bossea oyk5ignima P P  P P  P P  S S S S 
~ i t h o p h ~ Z Z d L i t h o t h a m n i o n  s p .  P P P P P P P P P P P P A A A A A A A A 
PeyssonneZZa pa& f ica  P P  S S C S S S S  
Rhodymenia s p  . P P  S C P S 
Rhodophyt a u n i d e n t .  P P  P P  C P  A C  C S S  A A  
INVERTEBRATA 
P o r i f e r a  
Leuconia barbata 
C o e l e n t e r a t a  
Hydrozoa u n i d e n t .  
Anthozoa 
Coqnac t i s  caZifornica 
Paracyathus s t e m s i  
Muricea caZifornica 
Annel i  d a  
Diopatra ornata 
P o l y c h a e t a  u n i d e n t .  
SaZmacina t r i b r m c h i a t a  
Spirobranchus spinosus 
Crust  a c e a  
C i r r i p e d i a  
BaZanus s p .  
Malacos t r a c a  
Hermit c rab  u n i d e n t  . 
Mo l l u s  c a  
Amphineura u n i d e n t  . 
Gas t ropoda  
CadZina s p  . 
Acmaea mitra 
Astraea gibberosa 
Conus caZi fornicus 
Cypraea spadice a 
KeZZetia keZZeti i  
MaxveZZia santarosma 
Megathura crenuZata 
Pteropuqmra f e s t i va  
SerpuZorbis squarmgerous 
Pelecypoda 
Boring b iva lves  unident .  
C"rlaceia ovoidea 
Hinni tes  multirugosus 
Lithophaga p ZumuZa 
bododesmus cepio 
Bryozoa 
Bryozoa unident .  
Diaperoecia californica 




Strongy locentrotus frmciscanus 
CHO RDATA 
Ascid ia  unident . 
CONES Transect  Spec ies  L i s t  BLOCK 8 3 
ALGAE 
Phaeophyta 
Co Zpomenia sinuosa 5 
Dictyopteris zonarioides P P P P 
Dictzjota f ZabeZZatu 
Rhodophyta 
Bossea orbigniana 
GeZidim sp.  
LithophyZZwn sp.lLithothurmion P P 
Peyssonne Zia paci fica 
INVERTEB RAT A 
Coelenterata  
Hyrozoa unident .  
Anthozoa 






Polychaeta  unident .  
Crustacea 
Malaco s t r a c a  













Echino idea  
Lytechinus anamesus 
CHORDATA 
Ascidia  unident .  
APPENDIX 1 
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CONES Transec t  Spec ies  L i s t  BLOCK 10 
ALGAE 
Chlorophyta unident .  
Phaeophyt a 
Dictyupteris zonarioides 
Dictyota f Zabe ZZata 
Eisenia arborea 
Rhodophy t a  
Bossea orbignima 
Cora Z Zina s p  . 
~i thuphy  Z Z w n  sp. lLithothamnion 
Peyssonne Zia pacifica 
Rho&rnenia sp. 
Rhodophyta unident .  
INVERTEB RATA 
Por i f  e r a  
Leuconia barbata 
Tethya aurantia 
Coelen te ra ta  
Hydrozoa unident .  
An thozoa 
Anthop Z e m  xanthogramrnica 
Anthozoa unident .  
Corynactis ca Z i  forniea 
CZavuZarialCornuZaria sp. 
Lophogorgia chi Zensis 
M u r i  cea ca Z i  fornicu 
M w i  ce a fm ti cos a 
Zao Zutis actius 
Annelida 
Chwtop t e r m  variopedatus 
Phy ZZochaetopterus s p  . 
Polychae ta  unident .  
Spirobranchus spinosus 
Mollusca 





Boring b i v a l v e s  unident .  
&ace a ovoidea 
Hinni tes  muZtirugosus 
- Lithophaga pZwnuZa 
Pododesmus cepio 
Bryozoa 
Bryozoa unident .  1 C  
Diaperoe cia caZi fornica P P P P  S S  A C  6 3  A C  C C  C S  S S  
Phoronis vmcouverensis C 
E chinodermata 
A s  t e ro idea  
Astrometis sertuzi fera 1 
Pisas t e r  giganteus 1 1 1 1 
Echinoidea 
Ly techinus anamesus 1 
Strongy Zocentrotus franciscanus P P 1 
Strongy Zocentrotus purpuratus P P 
Holo thuro idea  
Paras tichopus parvimensis 1 
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APPENDIX 1 
I - CONES Transect Species L i s t  BLOCK 6 
ALGAE 
P haeophyta 
Dictyop t e r i s  zonarioides P P  P P  P P  P P  S S 
Rhodophy ta 
LithophyZZwn sp.lLithothamnion P P P P P P  P S S S S  S 
PeyssonneZia p e i f  ioa P P 




Cer ianthidae unident . 
Corynac t i s  oaZifomica 
Annelida 
Diopatm ornatu 
Polychaeta unident . 
Crustacea 
Malacostraca 












CONES Transec t  Species  L i s t  BLOCK 13 
91 121 9 1  111 31 5 1  81 111 21 5 1  
6 8  6 8  70 70 71 71 71 7 1  72  7 2  
ALGAE N S  N S  N S  N S  N S  N S  N S  N S  N S  N S  
Phaeophyta 
Dic-hjopteris aonarioides P P 1 
Rhodophy t a  
Bossea odigniana P P  P P  S 
LithophyZZwn sp./Lithothamnion P P P P P P P P P P P P A A A A A C C 
Peyssonne Z-ia pa& fica S S  S C C  
Hiodymenia sp.  P P C S  C 5 3 
Rhodophy t a  unident  . P P C C  S S  S S  C C  
INVE RTEB RATA 
P o r i f e r a  
Tethya awrxntia 
Coelentera ta  
Hydrozoa unident.  
An thozoa 
Anthop Zeura x a n t h o g m i c a  
Anthozoa unident .  
Cer ianthidae  unident  , 
Corynactis ca Z i  fomica 
C ZauuZaria/CornuZaria sp  . 
Paracyathus stearnsi 
Zao Zu t i s  act i  us 
Annelida 
Diopatra ornuta 
Phy ZZochaetopterus sp .  
Polychaeta  m i d e n t .  
Spi robmnchurr spinosus 
Crus t acea  
C i r r i p e d i a  
Barnacle uniden t . 
Mollusca 
Gas t rop oda 
Cad Zina Zirnbaughi 
CadZina s p  . 
Acmae a m i  t ra  
As traea gibberosa 
Astraea undosa 
Conus ca Z i  f o m i  cus 
Ke ZZetia keZZeCii 
Mame ZZia santarosana 
K t r a  idae 
Pelecypoda 
Boring b i v a l v e s  unident.  
Hiate ZZa arctica 
Hinnites mu Ztirugosus 
Li thophaga p ZwnuZa 
1 Pododesmus cepio 
Bryozoa 









Strongy Zocentm tus frrm&scanus 
Holothuroidea 
Paras tichopus pamrimensis 
CHORDAT A 
Ascidia  unident  . 
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CONES T r a n s e c t  S p e c i e s  L i s t  BLOCK 12 
9 1  121 91 111 31  51 81 111 21 51 
68 68 70 70 71 71 71 71 72 72 
ALGAE 
Phaeophy ta 
DictyopteYis zmaYioides 3 2 s  
Rhodophyta 
Bossea orbigniana P P  P P  c c C S  C S 
Lithophy Z Zm s p .  /Lithothamion P P  P P  P P  P P  P P  P P  A A  C A  A A  A A  
Peyssonne Zia pacif ica P P  S S  P S C  C C P 
Rhodyrnenia s p  . S S 
Rhodophy t a  un iden t .  A A  C C  C C 
INVE RTEB RAT A 
C o e l e n t e r a t  a 
Hydrozoa un iden t .  
Anthozoa 
C e r i a n t h i d a e  u n i d e n t  . 
Coqnact is  caZi f ornica 
C Zavu Zaria/CornuZaria s p  . 
Paracyathus s tearnsi  
As trangia k j o  ZZaensis 
Annelida 
Diopatra ornata 
PhyZZochaetopterus sp.  
P o l y c h a e t a  u n i d e n t .  
Spirobranchus spinosus 
Crus t a c e a  
C i r r i p e d i a  
BaZanus sp .  
Barnac le  u n i d e n t .  
Malacos t r a c a  
Hermit  c rab  u n i d e n t .  
Mollus c a  
Gas t ropoda 
Acrnaea mitra 
Conus caZi fomicus  
Ke ZZe t i a  ke ZZetii 
M m e  Z Zia santarosana 
M i  t ra  idae 
TYi via ca Z i  forniana 
Pelecypoda 
Boring b i v a l v e s  u n i d e n t .  
Chaceia ovoidea 
Hinnites muZtirugosus 
L i  thophaga p ZwnuZa 
Pododesrnus cepio 
Bryozoa 
Bryozoa u n i d e n t .  
Diaperoecia ca Z i  fornica 
Phoroni s vancouverensis 
Echinodermata 
Asteroidea 










CONES ~ r a n s e ' c t  S p e c i e s  L i s t  BLOCK 1 




Dictyota f ZabeZZata 
Rhodophyta 
Bossea orbigniana 
CoraZZina s p .  
GeZidiwn s p .  
Lithophy ZZwn s p  . /Lithothamion 
PeyssonneZ5a pacifica 
Rhodymenia s p  . 
Rhodophyta u n i d e n t .  
INVERTEB RATA 
P o r i f  e r a  
RhabdodermeZ Za nuttingi 
C o e l e n t e r a t a  
Hydrozoa u n i d e n t .  
Anthozoa 
Anthozoa u n i d e n t .  
C e r i a n t h i d a e  u n i d e n t .  
Corynactis caZifornica 
CZavuZaria/Cornu Zar i a  s p . 
As trangiu Zajo ZZaensis 
Annelida 
Diopa tra orna ta 
Phragmtopoma s p  . 
Phy ZZochaetopterus s p .  
P o l y c h a e t a  u n i d e n t .  
Sa Zmacina tribranchia tu 
Spirobranchus spinosus 
Crus tacea  
Malacos t raca  







KeZZetia ke ZZetii 
SerpuZorbis squamigerous 
P P P P  P P C C  S S S S S  S  
S  S  A A 
P P P P  C C P P  P P S  S C S C  S S  
S  S  
P P 
P P P P  P P P P  P P P P A A A A  A A A A  
P P S  S  S  
S S  S S  C C S  s s 
P P P P S  A A  S S A  
1 
1 
(N)35 15 27 20 15 31 30 15 - 
(S) 15 35 2oo 150 75 100 100 15 120 75 
A 1 
10 21 17 
N S N S  N S N S  N S N S N S N S  N S N S  
Pelecypoda 
Boring b iva lves  unident .  
Lithophaga pZwnuZa . 
Podadesmus cepio 
Bryozoa 
Bryozoa unident .  
Diaperoecia caZifornCea 
Phoronis vaneouverensis 
C S C  S 
P P P P  P P C C  C C 3 4 S S  S 2 
Echinoderm ta 






StrongyZocentrotus francfscanus 1 1  
CONES Transect  Spec ies  L i s t  BLOCK 2 
L G A E  
Phaeophyta 
Dibtyopteris zonarioides 





LithophyZZm sp .  llithothamnion 
PeyssonneZia pacifica 
Bhodymenia sp  . 
Rhodophyta unident .  
INVERTEB RATA 
Coelentera ta  
Hydrozoa unident .  
Anthozoa 
Anthop Z e m  xanthogrammica 
Cer ian th idae  unident .  
Corynactis ca Z i  fornica 
Muxicea ca Zif ornica 




Phy ZZochuetopterus sp.  
Polychaeta  unident .  
Crus tacea  
Malacos t r a c a  
Hermit c r ab  unident  . 
Mollusca 
Amphineura unident .  
Gas tropoda 
Acmaea mitra 
Conus ca Zif ornicus 
KeZZe 'a keZ ~ e t i i  
~ q m e  @za santarosana 
h t r a  zdae 
Pelecypoda 




Bryozoa unident .  
Diaperoecia caZifornica 
Echinoderm t a  
As te ro idea  
Pisaster giganteus 
N S N S  N S N S  
P P P P  P P P 1  
P P P P  P P P P  
P P P P  
P P 
P P P P  
P P C C  P P  
P P A A  
A A 
P P 
N S N S N S N S  N S N S  
5 1 S S  S S 
P P P P A A C A  C A C C  
P P C 
S 
S C 5 P A  











CONES Transec t  Spec ies  L i s t  BLOCK 4 
ALGAE 
Phaeophyta 
Co Zpomenia sinuosa 
~ i c t y o p t e r i s  zonarioides 
Dictyotu f ZabeZZatu 
Rhodophy ta 
Bossea orbigniuna 
Cora l l i ne  unident .  
GeZidiwn sp. 
Lithophy ZZwn s p  . llithothamnion 
PeyssonneZia pacifica 
Rhodymenia s p  . 
Rhodophyta unident .  
INVERTEB RATA 
Por i f  e r a  
Leuconiu barbata 
P o r i f e r a  unident .  
Coelen tera ta  
Anthozoa 






Diopa tra orna ta 
Phy ZZochaetopterus s p  . 
Polychaeta  unident .  
Spirobranchus spinosus 
Crus tacea  
C i r r iped ia  
Barnacle  unident .  
Mollusca 
Gastropoda 
KeZZe t i a  keZ Zet i i  
Pteropurpm f estiva 
Pelecypoda 








Strongy Zocentro tus franciscanus 
APPENDIX 1 
CONES Transect  Species  L i s t  BLOCK 18  
ALGAE 








Rhodymenia sp  . 
Rhodophyt a unident .  
INVERTEBRATP, 
P o r i f e r a  
RhabdodemeZ Za nuttingi 
Coelenterat  a 
" 
Hydrozoa unident . 
An tho zo a 
Anthozoa unident .  





Zao Zutis actius 
Annelida 
Diopatra ornata 
Phy ZZochaetopterus sp  . 
Polychaeta  unident .  
SaZmcina tribranchiata 
Spirobranchus spinosus 
Crus t acea  
Malacos t r a c a  
Hermit c r ab  unident .  
Mollusca 
Gas t ropo da 
Acmea mitra 
Conus caZi fornicus 
Ke ZZetia ke ZZetii 
Megathura crenulata 
Mitra idae 
, - T r i v i a  caZifomiana 
Pelecypoda 
Boring b iva lves  unident . 
Hinni tes  mu2 ti rugos us 
Pododesmus cepio 
Bryozoa 
Bryozoa unident .  
Diaperoecia caZifomica 







Strongy Zocentro tus franciscanus 1 
CHORDATA 
Ascid ia  unident .  
APPENDIX 1 
CONES Transec t  Species L i s t  BLOCK 3 
" 









Ge Zidiwn s p  . 
Lithophy ZZwn sp  . l L i t h o t h n i o n  
PeyssonneZia p c i f i c a  
Rhodymenia sp  . 
Rhodophyta unident  . 
INmRTEB RATA 
Por i f  e r a  
Leuconiu barbata 
RhubdodermeZZa nuttingi 
Coelentera ta  
Hydrozoa unident .  
Anthozoa 
Anthozoa unident  . 
* 
Cer ian th idae  unident .  
Corynuctis caZi fornica 
CZavuZaria lCornuZaria sp . 
Muricea ca Zifornica 
Annelida 
Chaetopterus variopedatus 
Diopa tra orna ta  
Phragmatopom sp. 
Phy ZZochaetopterus sp.  
Polychaeta  unident .  
Spirobranchus spinosus 
Crustacea 
C i r r iped ia  
Baknus sp.  
Malocostraca 




KeZZetia keZ Zet i i  
MameZlia san~rosanu  
Pteropurpura f estiva 
- Trivia ca Ziforniana 
Pelecypoda 
I Boring b iva lves  unident .  
Y Chaceia ovoidea 
! Hinnites muZtirugosus 
Lithophaga pZwnuZa 
P P 
P P 3  P P C C  S C 2 4 
P P  P P  S S 6 C  C 6 5 4  
1 1  1  
P P  P P C C  S A 3 C C S C S  S 6 i A  
1 1 
P P P P  P P P P  P P P P A C C C  C A C C  
S S  S S S S S S  S S  I 
s s  S S C S C S C  P 
P P C C C S  S S  P 
Pododesmus cep io  
Bryozoa 
Diaperoecia cal i f  ornica 
Echinodermata 
As te ro idea  




Strongy locentrotus franciscanus 
Holo thuroidea 
Paras tichopus parvimensis 
CHORDATA 
Ascidia  unident .  
N S N S  N S N S  N S N S N S N S ' N S N S  
L 
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APPENDIX 1 
CONES T r a n s e c t  S p e c i e s  L i s t  BLOCK 14 
ALGAE 
Phaeophy t a 
~oZpomenia sinuosa P P 
Dictyopteris zonarioides P P  P P  S S  2 3 ~ 3 5 6  
Rho dophy t a 
Bossea orbignirma P P  4 1 1 2  
GeZidiwn s p .  P 
~itho~h~ZZum/Lithothanmion s p .  P P P P P P P P P P P P A A A A A A A A 
PeyssonneZia paci f ica  S S S C 
Rhodymenia s p  . 1 C P S 
Rhodophyta un iden t  . P P  P P  P P  S C  S C  5  P A  
INVERTEBRATA 
P o r i f e r a  
Te thy a a u r m t i a  
C o e l e n t e r a t a  
Hydrozoa un iden t  . 
Anthozoa 
Anthozoa u n i d e n t  . 
* C ~ r y n a c t i s  caZifornica 
Paracyathus s tearnsi  
Lophogorgia ch i lens i s  
Muricea cctZi fomica  
Muricea f m t i c o s a  
Annel ida  
Diopatra ornata 
Phy ZZochaetoptems s p  . 
P o l y c h a e t a  un iden t  . 
Spirobrmchus spinosus 
Crus t  a c e a  
Malacost r a c a  
H e r m i t  c rab  u n i d e n t .  
Spimntocaris  s p  . 
Mollus c a  




KeZZetia keZZeti i  
M a e  2 Zia santarosana 
Mitra idae 
* Pteropurpura f es t i va  
Tr i v ia  caZiforniana 
P P P  P l o  1 C S 
1 
Pelecypoda 





Bryozoa un iden t  . 
~ i a p e r o e d a  caZi fornica 
Phoronidea vancouverens i s  
E chino de rmat a 
A s  t e r o i d e a  




E c l ~ i n o i d e a  
Strongy Zocentrotus francis canus 
Holo t h u r o i d e a  
Paras tichopus parvimensis 
25 C C C C A C  
P P  ' 1 1 
P P A A 
3 4 1 3  C C 1 1 2  1 1 3  1 4  1 12 12 
P P S 2  
1 S I P  P S S  S S C  S S  
P C A  S A A 
* 
APPENDIX 1 
CONES T r a n s e c t  S p e c i e s  L i s t  BLOCK 20 
ALGAE 
Chlorophyta  un iden t  . P P  P P  
Phaeophyta 
Dictyopteris zonarioides P P  P P  
Dictyota fZabe ZZata S 
Rho dophy t a 
Bossea o&igniana P P S S S 
~ithophyZZwn/Li thothmion SP. P P P P P P P P P P P P A A A A A A A A 
PeyssonneZia paei f ica  P P P S S S S S  
Rhodymnia s p .  1 C C 1  S 
Rhodophyta u n i d e n t .  P P P F  P P  C A P A  S A  C P C  
INVERTEBRATA 
P o r i f e r a  
P o r i f e r a  u n i d e n t .  
. ~habdodemZZa  nu t t in& 
C o e l e n t e r a t a  
Hydrozoa u n i d e n t .  
. Anthozoa 
C e r i a n t h i d a e  u n i d e n t .  
Conjnactis caZi fornica 
Paracy athus s t e a m s i  
Muricea caZi fornica 
Annel ida  
fiaetopterus v d o p e d a t u s  
P o l y c h a e t a  un iden t  . 
~pimbranchus  spinosus 
C r u s t a c e a  
C i r r i p e d i a  
Barnac le  uniden t . 
Malacos t r a c a  
H e r m i t  c rab  u n i d e n t .  
Mollus c a  








* Boring b i v a l v e s  u n i d e n t .  
C'hacea ovoidea 
ChZamys hastata 




Bryozoa unident .  
Diaperoecia caZi fomica 
Phormidea vancouverensis 




Stmngy Zocentmtus franciscanus 1 
CHORDATA 
Asc id ia  unident . I 
APPENDIX 1 
CONES T r a n s e c t  S p e c i e s  L i s t  BLOCK 21 
ALGAE 
Phaeophyt a 
Dicty opteris zonarioides P P  P P  
Rhodophyt a 
Bossea orbignima P P 
~i tho~h~ZZwn/Li tho thamnionsp .  P P C C  P P P P P P  P P P P  P P P P  A A  
Peyssonne Zia pacifica P P P S S 6 
Rhodymenia s p .  P P C P S 
Rhodophyta un iden t  . P P S P  A C  C P A 
INVERTEBRATA 
C o e l e n t e r a t a  
Hydrozoa u n i d e n t .  
Anthozoa 
Anthozoa u n i d e n t .  
Coqnactis caZi fornica 
CZavuZa2.ia/CornuZaria s p  . 
Paracyathus stearnsi 
Mwricea fruticosa 
Annel i  da  
Diopatra ornata 
P o l y c h a e t a  u n i d e n t .  
Spirobranchus spinosus 
Crus t a c e a  
C i r r i p e d i a  
BaZmus s p .  
Barnac le  un iden t  . 
Mollus c a  






KeZZetia k e t t e t i i  
R i c t d s  pzozctocae Zatus 
Pelecypoda 





Bryozoa un iden t  . 
Diqeroecia caZi fornica 
Phoronidea vancouverensis 
P A A C  A S  A A 
2 1 1  2 2 
A A A 
4 P 5 1 0  A 1 5  1 0 A  5 1 2 0  212 216  5 1 5  4 18 
Echinodermata 
A s  t e r o i d e a  
Pisaster giganteus 
Echinoidea 
Ly techinus anamesm 
Strongy locentrotus franciscanus 
CHORDATA 
Ascidia  unident .  
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APPENDIX 1 
CONES Taansec t  S p e c i e s  L i s t  BLOCK 1 5  
ALGAE 
Chlorophyt a un iden t  . P P 
Phaeophy t a 
Dictyopteris z o n d o i d e s  P P  P P  S 
Dictyota flabeZZata S S 
Rho dophy t a 
Bossea orbigniana P P  P P  S 
~ i t h o p h ~ Z Z u m / L i t h o t h m i o n  s p .  P P P P P P P P P P P P A A A A A A A A 
PeyssonneZZa paci f ica  S S 
Rhodyrnenia s p .  P P  S S S  C S S 
Rho dophy t a u n i  den t . P P P P A C  S S  S S  A A  
INVERTEBRATA 
P o r i f e r a  
Leuconia b d a t a  
RhabdodemZ Za nu t t i ng i  
Coelen terata 
Hydrozoa u n i d e n t .  
Anthozoa 
Anthozoa u n i d e n t .  
Corynactis caZi fomica 
CZavuZaria/CornuZaria s p . 
Astrangia Z d o  ZZanensis 
Muricea c a z i f o m i  ca 
M h c e a  fruticosa 
Annel ida  
Diopatra o m a t a  
Phy ZZochaetopterus s p  . 
P o l y c h a e t a  u n i d e n t .  
SaZmacina tribranchiata 
Mollus c a  
Gas t r o p o d a  
CadZina s p .  
Acmaea nritra 
Qpraea spadi cea 
KeZZetia ke ZZeti i  
MarweZZia santarosana 
Mitra idae 
Simnia vidZeri  
Pelecypoda 
Boring b i v a l v e s  u n i d e n t .  
Hinni t e s  mu2 t imgosus  
Lithophaga p Z m Z a  
Pododesmus cepio 
Bryozoa 
Bryozoa unident .  
Diapemeeia caZi fomica 
Phomnidea uancouverensis 




Strongy Zocentmtus frmciscanus 
Ho l o  th  u ro i  de a 
Paras tichop us parvimensis 
APPENDIX 1 
CONES Transect  Species  L i s t  BLOCK 16 
ALGAE 
Phaeophyta 
Co Zpomenia sinuosa 1 
Z c t y o p t e K s  sonarioides P P 
Rhodophyt a 
Bossea orbigniana P P  P P  
~ithophyZZwn/Li thothmion s p .  P P P P P P P P P P P P A A c A c c 
PeyssonneZZa pacifica P P P S S S S 
Rhodymenia s p .  P P S C 
Rhodophy t a  unident . A S C  S C  S C 
I N V E  RTEB RATA 
Coelentera t  a 
Hydrozoa unident .  
Anthozoa 
Cerianthidae unident . 
Corynactis cazifornica 
CZavuZaria/CornuZaria sp  . 
Paracyathus s t eams i  
Lophogorgia chizensis 
Muricea caZifomica 
Zao Zutis actius 
Annelida 
Diopatra omata 
Polychaeta  unident .  
Spirobrcmchus spinosus 
Crustacea 
C i r r i p e d i a  
Balmus s p .  
Mollus c a  
Gas tropoda 
Acmma nritra 
KeZZetia ke lZe t i i  
MmeZZia santarosana 
Rictd;cis punctocm Zatus 
Pele  cypoda 





Bryozoa unident . 
Diaperoecia caZifornica 
Phoronidea vancouve rensis 
E chino de rmat a 
Asteroidea 
Pis as t e r  giganteus 
Echinoidea 
Ly techinus anamesus 
S trong Zocentrotus franciscanus 
CHO RDAT A 
A s  c i d i a  unident .  
. APPENDIX 1 
CONES Transec t  S p e c i e s  L i s t  BLOCK 19 
ALGAE 
Chlorophyta  u n i d e n t .  P P 
Ph aeophy t a  
Dictyopteris zonarioides P P 
Dictyota ftabeZZata P P 
Rhodophyt a 
Bossea orubignima P P  P P  
~ i t h o ~ h ~ Z Z ~ L i t h o t h m i o n  s p .  P P P P P P P P P P P P A A  A A  A A  A A  
Peyssome Zia paci f ica  P P S S 
Rhodymnia s p .  S S  C S 
Rhodophyt a un iden t  . P P A P  A S C  S P C  
INVERTEBRATA 
C o e l e n t e r a t a  
Anthozoa 
Corynactis caZi fomica  
Muricea caZifornica 
Anne l i d a  
Chaetop terms variopedatus 
P o l y c h a e t a  un iden t  . 
Spirobrmchus spinosus 
Crus t a c e a  
C i r r i p e d i a  
Balmus s p .  
Barnac le  un iden t  . 
Mollus c a  





Conus caZi fomicus  
KeZZetia keZZeti i  
Megathura crenulata 
Pelecypoda 






Bryozoa un iden t  . 
Diapemecia tali fomica  
Phoronidea vancouverens i s  
P P 1 
P P 5 S C S  
1 2 2  1 2 4 2  2 . 1  2 2  




Stmngy Zocentrotus francis canus 1 
Strongy Zoc~ntrotus purpuratus 
Holothuroidea 
Paras tichopus parvimensis 
CHORDATA 
Ascid ia  unident .  
1 APPENDIX 1 
CONES Transect Species L i s t  BLOCK 7 
N S  N S  N S  N S  N S  N S  N S  N S  N S  N S  
ALGAF: 
Phaeophyta 
Dictyopteris zonurioides P P  1 
Eiseniu an3orea 1 
Rhodophyta 
Lithophy ZZwn sp. l L i t h o t h i o n  P P P P S S S S S S 




Corynuctis caZi fornica P P 
Mwricea ca Zifornica 
Annelida 











Op hiur o idea 
Ophiuroidea unident. 
APPENDIX 1 
CONES T r a n s e c t  S p e c i e s  L i s t  BLOCK 11 
N S  N S  N S  N S  N S  N S  N S  N S  
ALGAE 
Phaeophyta 
Co Zpomenia sinuosa P P 
Dictyopteris zonarioides 
Rllodophyt a 
L i  thophy ZZum s p .  /Lithothamion P P  P P  P P  P P  P P  P P A A  A A  
Rhodymenia s p .  P P  P P  S C  S 
Rhodophyta u n i d e n t .  P P  P P  P P  S S C  3 . C  
INVERTEBRATA 
C o e l e n t e r a t a  
Hydro zoa u n i d e n t  . 
An thozoa 
Anthozoa u n i d e n t  . 
Balanophy ZZia e Zegans 
Coqnact is  ca Z i  fornica 
C ZauuZaria/CornuZaria s p . 
Paracyathus s tearnsi  
Astrangia Za jo ZZaensis 
Annel ida  
&ae topterus variopedatus 
Diopatra o m a t a  




Gas t r op oda 
CadZina Zimbaughi 
Dendrodoris fu Zva 
A cmaea m i  t r a  
KeZZetia keZZeti i  
hfitra i d m  
Pelecypoda 
Boring b i v a l v e s  u n i d e n t  . 
Hiate ZZa arc t ica  
L i  khophaga p ZwnuZa 
Pododesmus cepio 
Bryozoa 




A s  t e r o i d e a  
Pisaster giganteus 
Ophiuroidea 
Ophiodem panamensis 1 1 1 
Echinoidea 
StrongyZocentrotus franciscanus P P  1 1 1 1 1 2 
Holothuroidea 
Paras Ci chopus parwimensis 1 1 
CH ORDATA 
As  c i  d i  a uniden t . 
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APPENDIX 1  
CONES Transec t  Spec ies  L i s t  BLOCK 9 
ALGAE 
Phaeophyta 
Co Zpomenia sinuosa P P 
Dictyopteris zonarioides P P 6 A A C  2 6 A S A  C 
Dictyota f ZubeZZata 1 1  
Eisenia arborea 1  1  P 
Rhodophyta 
Bossea orbigniana P P  P P  C C  A 2  A A  C S S  P 
CoraZZina sp.  1 S  C 1  C S S  
Gel id im sp. P 
LithophyZZm sp./Lithothamion P P P P P P P P P P P P A S A C C C 
PeyssonneZia pacifica P P  S S  S S  S S  
Rhodymenia sp . C P 
Rhodophyta unident .  P P P P S C  C P P 
INVERTEBRAT A 
Por i f  e r a  
P o r i f e r a  unident .  
Coelenterata  
Hydrozoa unident .  
Antho zoa 
Antho zoa unident  . 
Cer ian th idae  unident .  
Corynactis californica 
CZavuZaria/CornuZaria sp . 
Lophogorgia chilensis 




Diopa tra ormta  
Phragm topom sp  . 
Phy ZZochaetopterus sp . 
Polychaeta  unident  . 
Sa Zmcina tribranc hia ta  
Crustacea 
Malacostraca 
Hermit c r ab  unident  . 




A cnlaea m i  t ra 
KeZZetia kelZet i i  
Pteropurpura fes t iva  
P elecypoda 





Diaperoecia ca Z i  fornica P P  P P  
Echinodermata 
Asteroidea 
Pisas t e r  giganteus 7 1 1 
Echinoidea 
Lytechinus anamesus 
Strongy Zocentrotus fran&scanus 
Holothuroidea 
Paras ti chopus parvimensis 2 
CHORDATA 
Ascidia  unident .  
APPENDIX 1 
CONES Transec t  Spec ies  L i s t  BLOCK 5 
ALGAE 
Phaeophyta 
Dictyopteris zomrioides P P  P P  P P  P P  P 1 C  C 5  2 2 
Dictyota f ZabeZZata 1 C 2 
Rhodophyta 
Bossea orbigniana P P  P P  P P  S 1 S 
GeZidiwn sp.  3 1 C S  
LithophyZZwn sp./Lithothumnion P P  P P P p p P P P  P P P P  A A  C A  C C 
PeyssonneZia pacifica P P  S S  S P S S S 
Rhodymenia sp . S C S  S 
Rhodophyta unident  . S S C  C C  
INVERTEBRATA 
Por i f  e r a  
Leueonia barbata 
Tethya aurantia 
Coelentera ta  
Hydrozoa unident .  
Anthozoa 
Anthozoa unident  . 
Corynactis caZifornica 
CZauuZaria/CornuZaria sp. 
Muricea ca Zifornica 
Muricea fruticosa 
Annelida 
Chaetopterus variopecia tus 
Diopatra ornata 
Polychaeta  unident  . 
Spirobranchus spinosus 
Crustacea 
C i r r iped ia  
BaZanus sp. 
Malacostraca 















N S  N S  N S  N S  N S  N S  N S  N S  N S  N S  
Y 
Bryozoa 
Bryozoa unident .  1 
Diaperoeck caZifornica P P  2 1 S S S  S S 
Phoronis vancouverensis 15 S  
Echinodermata 
As te ro idea  
Pisaster giganteus 1 1 1 
Ophiuroidea 
Ophiodema panamensis 1 1 
Echinoidea 
Lytechinus a m e s u s  1 1 
Strongy Zocentro tus franciscanus 2 1 
CHORDAT A 
Asc id ia  unident  . 
APPENDIX 2 
CONES S t a t i o n  S p e c i e s  L i s t  6 Meter (20 f o o t )  S t a t i o n  
ALGAE 
Rho dophy t a 
Bossea orbigniana 1 9  6 
Bossea s p .  1 3  C 27 8 1 5  P 
Coral Zina o f f i c ina  Zis P 
Coral Zina s p . P C C 7 1 4 P 
Ge Zidiwn s p  . 26 5 A 92 26 1 7  37 1 5  
~ i t h o p h ~ Z Z w n / L i t h o t h a m i o n  s p .  A A A A A A  A 
Rhodymnia s p  . P P P P 
Phaeophyt a 
~s tose i ra  osmurzdacea 5 2 38 45 19 20 5 3  16  7 
nictyopter is  zonarioides 5 3 s C 3 1  2 4 
Dictyota flabe ZZata P C C 1 1 P 7 2 
Egregia laevigata 118 A 35 25 17  1 2  15 2 
Eisenia arborea 9 1 9 10 22 13 1 2  13 4 
P OR1 FERA 
Leuconia barbata 
Rhabdode m e  Z Za nut t i n g i  
COELENTERATES 
Anthop Zeura xanthogrammica 
Corynactis caZi fomica 
TeaZia s p  . 
Muricea caZi fomica 




Phragmatopoma caZi fomica  
Phy ZZochaetopterus pro l i f i ca  
S a b e l l i d a e  u n i d e n t .  
T e r e b e l l i d a e  un iden t  . 
Thomnora johnsoni 
CRUSTACEA 
Xanthias tay Zori 
MOLLUS CA 
Ap Zysia caZifornica 
GASTROPODA 
Acmaea mi t ra  
HaZiotis cracherodii 
Iia l i o t  i s  fulgens 
GASTROPODA Cont . 
Ke ZZe t i a  ke ZZetii  
~ega thura  crenulata 








W t i Z u s  eduZis 
Parap ho Zas ca Z i  f ornica 
Penite ZZa penita 
SemeZe decisa 
CEPHALOPODA 
Octopus s p .  
BRY OZOA 
Diaperoecia caZifornica 
PhidoZophora paci f ica  
ECHINODERMATA 
Astrome t i s  s e r tu z i f e ra  1 1  1 2  1 
Patir ia  miniata 1 1  1 1 
Pisaster brevispinus 1 
Pisaster giganteus 2  8  5  8 5 4  7 16 
Pisaster ochraceous 1 
Lytechnius a n m s u s  1 
Strongy~ocentrotusframiscams 39 24 33 41  33 37 50 50 
Strongy Zocentrotus purpuratus 2  4 2 5 8  9 5 
Paras tichopus parvimensis 1 1 2  
APPENDIX 2 
ALGAE 
CONES S t a t i o n  S p e c i e s  L i s t  1 2  Meter (40 f o o t )  S t a t i o n  
Rhodophyta un iden t  . 
Bossea orbigniana 1 
Bossea s p .  S  P S S 
Li thophyZZwn/Li thothmion s p .  A - A A A A A  
PHAEOPHYTA 
Phaeophyta u n i d e n t .  P  
Dictyopteris zonarioides S 
PORIFERA 
Porifera s p .  P 
Leuconia barbata 1 
Tethya aurantia 1 1 2  1 
COELENTERATES 
Anthop Zeura x a n t h o g r d c a  1 1 
Corynactis cal i fornica 19 C C C A A  
TeaZia s p  . 
Astrangia Zajo ZZensis 
Balanophy Z Zia e Zegans 
Paracyathus s t e a m i  2 3 5 3 5 1  
Murieea caZi fomica  1 2  8 11 1 2  11 10 
Muricea fm t i cosa  2 1 2 3 2 2  
C e r i a n t h i d  u n i d e n t .  7 2 3  5  7 1 5  
POLY CHAETES 
P o l y c h a e t e  u n i d e n t .  
Diopatra ornata P C C C C C 
HaZosydna johnsoni P 
PetaZoproctus s p .  P  
Salrnacina tribranchiata 3 P 4  7 
Spirobrmchus spinosus 1 4 9  
CRUSTACE A 
Hermit c r a b s  u n i d e n t .  
MOLLUSCA 
Anisodoris nob i l i s  1 1 
Dendrodoris albopunctata 
Flabsllina iodinea 5 
F Zeurobranchus ca l i  fomictls 1 
GASTROPODA 
Acmaea mibra 
R i c t d s  punctocoe Zata 
Bursa caZi fomica 
CaZZiostoma annuZatm 
~rep iduZa  onyx 
Hiate Z Za arc t i ca  
Ke Z Ze t i a  ke Z Ze t i i  
Limpets unident  . 




Simnia vidZeri  
P ELECYPODA 
Boring b i v a l v e  unident . 
Cunringia caZifornica 
Hiate ZZa arc t i ca  
Hinni t e s  mu2 tirugosus 
Peni t e  Z Za peni t a  
SenaeZe decisa 
BRY OZOA 
Bryozoans unident .  C P P 
Diaperoecia cazi f omica  14 P P 15  P P 
PhidoZophora paci f ica  1 
Phoronidea vancouuerensis 2 
ECHINODERMATA 
A s t r o m t i s  s e r tu z i f e ra  1 1 1 
Henricia leuiuscula 1 1 
Linckia coZumbiae 1 
Patir ia  miniata 3 1 1 1 
Pisaster giganteus 2 10 9 7 5 6 4 4 
~y technius a n m s u s  3 1 
S t r o n g  Zocentrotus franciscanus 16 17 24 16  1 3  14 11 11 
Strongy Zocentrotus p q u r a t u s  1 1 2 
Ophioderma p a n m n s i s  2 3 2 1 1 
Cucwnaria sp .  1 1 
VE RTEB RATA 
A s  c i d i  a unident . 
~ o Z t e n i a  ViZZosa 
APPENDIX 2 
CONES S t a t i o n  Spec ies  L i s t  18 Meter (60 f o o t )  S t a t i o n  
ALGAE 
Rhodophyta u n i d e n t .  S S  S C 
Lithophy Z Zwn/Lithothamnion s p  . C A A A A A  A A 
Peyssonne Zia s p  . S S C S  
COELENTERATES 
C o e l e n t e r a t e  un iden t  . P 
Cory nact is  caZi fornica P P P C C C C C 
BaZanop hy Z Zia e Zegans 1 
Paracyathus s tearnsi  3 7 4 2 3 2  3 4 
Eugorgia rubens 4 3 4  3 4 2  4 3 
Lophogorgia ch i l i ens i s  1 1  1 1 1 
Muricea caZi fornica 4 6 3 5 4  3 7 
Muricea fruticosa 2 1 
C e r i a n t h i d  un iden t  . 1 2  35 36 43 1 2 1  34 40 94 
Cornu Zari a s p  . P 
P OLY CHAET E S 
P o l y c h a e t e  u n i d e n t .  
Diopatm ornata 
CRUS TACEA 
Loxorhynchus crispatus 1 
Hermit crabs u n i d e n t .  1 1 
Paguristes s p .  1 
BaZanus s p .  2 1 
MOLLUS CA 
Anisodoris nobi Zis 
Dendrodoris aZbopunctata 
Dendrodoris 





CaZZios toma gZoriosum 
Conus caZifornicus 
Crassispira semiin fZata 
CrepiduZa onyx 
Cypraea spacidea 
Ke ZZetia keZZetii 
M a e  l i a  santarosana 
Megathura crenulata 
Simnia vidZeri 
PELE CY PODA 





Diaperoecia caZi fornica 
~horonidea vancouveremis 
ECHINODERMATA 





Lytechnius a n a s u s  
Strongy Zocentrotus franciscanus 
Strongy Zocentrotus purpwatus 
Ophiodemna panmns i s  




Ascidia  unident .  
b 





CONES S t a t i o n  Species  L i s t  24 Meter (80 f o o t )  S t a t i o n  
ALGAE 
Rhodophyta 
Rhodopl~y t a  un iden t  . S 
Lithophy ZZwn/Lithothamnion s p  . A A A A A A  A A 
Peyssonne Zia s p  . C C C S  S S 
PORIFERA 
RhabdodemneZZa n u t t i r y i  
COELENTERATES 
C o e l e n t e r a t e  un iden t  . P P P P 
Corynactis ca l i f  ornica P P P P P P 
Paracy athus s tearnsi  3 18 16 10 5 1 8  4 
Eugorgia rubens 2 2 3 3 5 6 6 2 
Lophogorgia ch i l i ens i s  1 3 1 1 1 1 2  
Muricea caZi fornica 1 1 1 1  1 1 
Muricea fruticosa 1 
a C e r i n t h i d  un iden t  . 34 28 43  55 48 37 37 46 
Corm Zaria s p  . 5 3 2 
POLY CHAETES 
P o l y c h a e t e  u n i d e n t  . P P A C 
Diopatra ornata P C C C C C C 
fdyxicoZa infundibu Zwn 20 
CRUS TACEA 
Hermit c r a b s  un iden t  . 
MOLLUS CA 
Cad Zina Zeuteomarginata 2 
Dendrodoris fu Zva 1 1 2 
Dendrodoris s p  . 3 1 
Dorid u n i d e n t .  1 
Flabe ZZim iodinea 2 1 1 
Hemnissenda crassicornis 3 1 
PZeurobranchus caZifornicus 1 
Tri tonia  fes t i v a  3 2 1 
GAS TROPODA 
Acmaea m i  t ra  2 12 6 11 9 16  4 
R i c t m i s  punctocoe Zata 3 
As traea gibberosa 1 1 3 2 8 1 
Astraea undosa 1 
Conus caZi fornicus 1 
Crassispira semiinflata 1 1 
Cypraea spacidea 1 
KeZZetia keZZetii 7 7 2 9 8 6 2 
GASTROPODA Cont . 
Limpets unident .  
MmeZZia santarosana 
Mitra idae 
Simnia v id ler i  
PELECYPODA 
Boring b iva lve  unident  . 
Hinni tes  mZtirugosus 
L i  thophaga p ZumuZa 
ventrico Zaria fordi 







Mediaster sp .  9 
Pisas t e r  brevispinus 2 
Pisas t e r  ochraceous 2 
Ly techinus anamesus 1 5  
Strongy Zocentmtus francis canus 4 
StrongyZocentrotus purpuratus 
Ophioderma panamensis 
Ophioderma unident  . 
Cucumber unident . 
Cucwnaria s p  . a 
P A C 
1 1 2 
P A P  P C 
VERTEBRATA 
Ascidia unident .  
APPENDIX 2 
CONES S t a t i o n  Spec ies  L i s t  30 Meter (100 f o o t )  S t a t i o n  
COELENTERATES 
C o e l e n t e r a t e  u n i d e n t .  
Cer ian t i i id  
Sty  ZatuZa eZongata 
POLY CHAETES 
Polychae te  un iden t  . 
Phy ZZochaetopteris proZi f ica 
CRUSTACEA 
Heterocrypta occidentaZis 
Py romaia tubercu Zata 
Anasimus spinosus 
Hermit c r a b s  u n i d e n t .  
Paguristes s p .  
Randal Zia ornata 
SerioZis carinata 
Lepas s p .  
GAS TROP ODA 
Rictaxis punetocoezata 
Bursa caZifornica 
Conus ca Zifornicus 




f i t r a  idae 
Nassarius perpinguis 
OZiveZZa s p .  
Pteropwrpura t r i o  Zata 
CEPHALOPODA 
Octopus SP. 
Squid egg  c a s e s  
ECHINODERMATA 
Patir ia  miniata 
Pisas t e r  giganteus 
Ophiuroid  u n i d e n t .  
Cucwnaria s p .  
APPENDIX 3 
CONES F i s h  S p e c i e s  L i s t  6 Meter (20, f o o t )  S t a t i o n  
S p e c i e s  
Embio toea jacksoni 
Gibbonsia e Zegans 
Gire Za nigricans 
HaZichoeres sernicinctus 
Heteros t ichus  ros t ra tus  
Hypsypops rubicundus 
MediaZuna caZiforniensis  






Sebastes mys t inus  
P 1 P P P  P 
P P P 
P A P P P  P 
P P 
P 
P C P P P P  P 
P P  P 
P  P  
P A P P P P 







Coryphopterus nicho l s i  
Embiotoca jacksoni 
HaZichoeres semicinctus 
Hyps ypops rubicundus 
Ly thripnus da 2 Z i  
Orthonopias t r i a c i s  
Oxy ju Zis caZifornica 
Oxy Zebius pictus 
ParaZabrax clathratus 
Pime Zome topon pu Zchrwn 
PZeuronichthys coenosus 
DamaZichthys vacca 
Sebas t e s  chrysome las  
S. mystinus 
S. serranoides 
S .  serriceps 
SerioZa dorsal is  
L i s t  1 2  Meter f o o t )  
5 i 






81 1 2 1  
















CONES F i s h  Spec ies  L i s t  1 8  Meter (60 foot) S t a t i o n  
S p e c i e s  
Artedius s p .  




Orthonopias t r iac is  
CxyjuZis caZifornica 
Oxy Zebius pictus 
ParaZabrax cZathratus 
Pime Zome topon pu Zchrwn 
Scorpaena guttata 
Sebas tes  s p  . 
S . camat us 
S .  mystinus 
S .  serrrmoides 
S .  serriceps 
APPENDIX 3 
CONES F i s h  S p e c i e s  L i s t  24 Meter (80  f o o t )  S t a t i o n  
S p e c i e s  
Cau Zo ZatiZus princeps 
Coryphopterus nicho Zsi 
Embiotoca jacksoni 
Gire ZZa nigricans 
Ly thripnus daZ Z i  
NeocZinus uninotatus 
O r  thono pias t r i a e i s  
Oxy juZis caZi fornica 
Oxy Zebius pictus 
ParaZabrax cZathratus 
Rathbum ZZa hypopZecta 
DamaZichthys vacca 
Sebastes s p .  
s. daZZi 
S .  hopkinsi 
S . mini atus 
S .  nnjs t inus  
S. rubrivinctus 
S. serranoides 
S .  serriceps 
S .  umbrosus 
Torpedo caZi fomica 
Triakis  semi fasciata 
P  
P  
P P  
P 
P  P  
P P P  P  
P  
P  P  





CONES F i s h  S p e c i e s  L i s t  30 Meter (100 f o o t )  S t a t i o n  
S p e c i e s  
Citharichthys s p  . 
C. sordidus 
Coryphop terus nicho Zsi 
NeocZinus b Zanchardi 
N .  uninotatus 
PZeuronichthys coenosus 
Sebas tes  rniniatus 
S . paucis pinnus 
Xy streurys Zio Zepis 
